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Abstract: Effective quantification of visitation is important for understanding many impacts of the
COVID-19 pandemic on national parks and other protected areas. In this study, we mapped and
analyzed the spatiotemporal patterns of visitation for six national parks in the western U.S., taking
advantage of large mobility records sampled from mobile devices and released by SafeGraph as part
of their Social Distancing Metric dataset. Based on comparisons with visitation statistics released
by the U.S. National Park Service, our results confirmed that mobility records from digital devices
can effectively capture park visitation patterns but with much finer spatiotemporal granularity. In
general, triggers of visitation changes corresponded well with the parks’ management responses to
COVID-19, with all six parks showing dramatic decreases in the number of visitors (compared to
2019) beginning in March 2020 and continuing through April and May. As restrictions were eased
to promote access to the parks and the benefits associated with outdoor recreation, visitation in
2020 approached or even passed that from 2019 by late summer or early autumn at most of the
parks. The results also revealed that parks initially saw the greatest increases in visitation after
reopening originating from nearby states, with visitorship coming from a broader range of states as
time passed. Our study highlights the capability of mobility data for providing spatiotemporally
explicit knowledge of place visitation.
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The COVID-19 pandemic caused by SARS-CoV-2 had profound effects on national
parks and other protected areas around the world [1]. Lockdown regulations, park closures,
and reduced visitor services severely affected visitation, tourism revenue and economies
in nearby communities, and even local stakeholder engagement [2,3]. Conservation and
management activities were influenced in complex ways that went beyond the day-to-day
management of protected areas as research projects, training, and networking activities
were disrupted [4]. While the news and social media provided accounts of wildlife returning to closed parks [5], protected areas were vulnerable to increases in a range of
illegal activities and threats to important biological and non-biological resources [6,7].
Because previous work has demonstrated the mental and physical benefits of immersion
in nature [8], park closures and restrictions also likely had impacts on human health and
well-being [9].
The impacts of COVID-19 on specific protected areas and the responses of public land
managers varied globally [10], but many of the issues identified above were relevant to
public lands in the United States (U.S.), including those managed by the U.S. National Park
Service (NPS) [11]. The core mission of the NPS, as defined by the Organic Act of 1916, is
providing for the enjoyment of park scenery, natural and historic objects, and wildlife in
a manner that will leave them unimpaired for the enjoyment of future generations. The
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units of the national park system offer an array of opportunities for recreation and education, with park visitation regularly exceeding 300 million annually. National park visitor
spending, in turn, contributed $41.7 billion to the U.S. economy in 2019 and supported
340,500 jobs [12]. Visitor spending is often particularly important for economies in nearby
gateway communities, and fees and revenues collected by the NPS are used to enhance
visitor experiences. The value of national park visitation goes beyond its economic impact,
however, as parks connect Americans to their nation’s history and heritage and serve as
gateways to the outdoors, providing sources of inspiration and personal renewal.
COVID-19 has presented both challenges to and new opportunities for the ways in
which the NPS meets its fundamental mission. In the earliest stages of the pandemic,
concerns over the spread of the virus and the safety of visitors and NPS personnel led to
widespread closures and restrictions. When feasible, a number of parks with large outdoor
spaces remained at least partially accessible to the public or eased some restrictions fairly
quickly as outdoor recreational experiences came to be seen as a refuge from the pandemic.
As NPS Deputy Director Shawn Benge stated, “This past year has reminded us how
important national parks and public lands are to overall well-being. Throughout the
country, national parks provided close-to-home opportunities for people to spend much
needed time outdoors for their physical and psychological health” [13]. Even though
national park visitation dropped to 237 million in 2020, a 27.6% decrease from 2019,
some parks experienced record crowds later in the summer and autumn as reopened trails,
overlooks, and open spaces provided opportunities for visitors to ‘recreate responsibly’ [14].
While U.S. national parks offer valuable opportunities for examining the impacts
of the COVID-19 pandemic on protected areas, effectively doing so requires pertinent
and timely information on multiple aspects of park visitation, including the effects of
management actions on visitation numbers. The number of park visitors is typically
approximated using proxies such as automatic traffic counters, ferry tickets, shuttle bus
riders, aerial photographs, and manual counts. Additional information, such as visitor
origin, within-park movements, or length of stay, comes from more intensive onsite surveys.
As a result, obtaining up-to-date information about how people use and visit natural areas
by traditional means may be laborious, time-consuming, and costly [15]. Further, some
aspects of park visitation are inherently spatial and thus require analyses that incorporate
spatial components [16], something that traditional methods may fail to do in a timely or
effective manner, especially during a pandemic.
Approaches that exploit large quantities of data generated continuously by mobile devices can complement traditional methods used for quantifying park visitation [15,17–20].
For example, weekly user counts from Flickr, Instagram, and Twitter were coupled with
ancillary data to predict visitor numbers for 42 recreation sites in northern New Mexico
and western Washington [17]. In another case, geolocated social media was used as a rapid
indicator of visitation and park access for more than 2000 parks in New York City [21].
After filtering out unique social media users who visited parks using historical posts,
the authors modeled visitation patterns based on users’ daily check-in frequencies, park
characteristics, neighborhood-level accessibility, and demographics. Doing so allowed
them to identify positive (e.g., access to public transportation) and negative (e.g., minority
race and ethnicity) factors to the social media activity in parks. Data gleaned through social
media thus provided critical information for thousands of parks, which would have been
infeasible using field surveys alone.
The availability of publicly-accessible APIs (application programming interfaces) and
off-the-shelf data products similarly offers promise for researchers, managers, and policy
makers interested in studying park visitation but wishing to avoid primary data collection,
aggregation, and management. Tencent, a social media company whose applications reach
70% of China’s population (including 90% in metropolitan areas), provides public APIs
to query its Tencent User Density database, which was successfully used to investigate
factors affecting ‘mini-park’ visitation in Yancheng, China [22]. SafeGraph provides Point
of Interest (POI) data that is useful for understanding spatial and temporal visitation

Sustainability 2021, 13, 9366

3 of 16

patterns based on anonymized cellphone location. Their data was used to analyze daily
and monthly visitation numbers in three major Florida cities and explore the effects of
Hurricane Irma on daily visitation patterns in three POI categories in Miami [23]. Big data
from such sources provides a means for examining place visitation patterns at large or
small geographic scales in the long term or short term (annually to hourly).
Here, we examined changes in visitation patterns at six prominent U.S. national parks
in response to the COVID-19 pandemic using a novel approach based on data collected
anonymously from mobile devices and provided as part of SafeGraph’s Social Distancing
Metric dataset. Our analyses involved three steps designed to (1) clarify temporal and
spatial patterns of park visitation, and (2) assess (and, if warranted, highlight) the usefulness of SafeGraph data for comparable studies. We first correlated monthly visitation
data extracted from the SafeGraph dataset with data obtained from the NPS to evaluate
whether the former could effectively capture patterns of park visitation. We then used
the SafeGraph data to explore the correspondence between management actions taken in
response to COVID-19 and patterns of park visitation. In doing so, we took advantage
of the daily resolution of SafeGraph data to illustrate the effects of park closures and
reopenings on visitation. Finally, we computed and mapped spatial patterns of visitor
flows to examine how the pandemic impacted not just the number of visitors, but also
their origins. Once again, these analyses highlighted the ability of mobile device data to
provide information not readily available from standard NPS visitation data—in this case,
the spatial component of visitation changes in response to COVID-19 and a park’s daily
visitation trend over a protracted time period using the cellphone-based SafeGraph data.
2. Materials and Methods
2.1. Study Areas
We analyzed visitation characteristics for six national parks in the western U.S.: Glacier
NP, Grand Canyon NP, Rocky Mountain NP. Yellowstone NP, Yosemite NP, and Zion
NP (Figure 1). These parks were selected for several reasons. First, previous work has
shown that social media data tend to better approximate visitation in more heavily visited
parks [15], and these parks are among the most visited units in the national park system,
with average recreational visitors exceeding roughly 3 million annually from 2015–2019
(Glacier NP: 2.93 million yr−1 ; Grand Canyon NP: 6.02 million yr−1 ; Rocky Mountain:
4.47 million yr−1 ; Yosemite NP: 4.39 million yr−1 ; Zion NP: 4.25 million yr−1 ; Yellowstone
NP: 4.12 million yr−1 ). Second, visitation at all six parks is heavily oriented toward outdoor
recreation and activities. Their selection is thus consistent with the primary focus of this
research. Finally, these six parks are among the most iconic units in the national park
system, drawing visitors from across the country and around the globe. Consequently,
they provide an opportunity for examining the effects of park closures and restrictions on
visitation patterns at a range of spatial scales.
For each park, we created timelines of park restrictions, closures, and reopenings
related to COVID-19 based on individual park press-releases and information from the
National Park Service Visitor Use Statistics (NPS VUS) website [24]. These management
actions ranged from partial closures and reopenings (e.g., actions associated with one or
more entrances, campgrounds, lodging facilities, or trails) to closures or reopenings of all
park facilities (Table 1). Another date of note is 13 March 2020, when President Donald
Trump declared a national emergency over the outbreak of COVID-19, just two days after
the World Health Organization declared the global spread of COVID-19 a pandemic.
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Table 1. Timeline of restrictions, closures, and reopenings related to COVID-19 for Glacier, Grand Canyon, Rocky Mountain,
Yellowstone, Yosemite, and Zion National Parks. Closures related to other factors that could significantly affect visitation
numbers are also indicated.
Glacier NP

Grand
Canyon NP

Rocky
Mountain NP

March
2020

Park closed to
visitors due to
COVID-19
(28 March).

Concessioners close
due to COVID (late
March). Camping
permits, access to
some trails
restricted.

April
2020

Park closed to
visitation due to
COVID-19.

May
2020

Yellowstone NP

Yosemite NP

Zion NP

Park closed to visitors
due to COVID-19
(20 March).

No closures
reported.

Park closed to visitors
due to COVID-19 (20
March). Lodging (17
March), campgrounds
(19 March) closed.

Shuttles
discontinued (17
March); Zion Lodge
closes (20 March);
Campgrounds close
(27 March).

Park closed to
visitation due to
COVID-19 (1 April).

Park closed to visitation
due to COVID-19.

Park closed to
visitation due to
COVID-19
(1 April).

Park closed to visitation
due to COVID-19.

Park closed to
visitation due to
COVID-19.

Park closed to
visitation due to
COVID-19.

Park opens with
limited access
through South
Entrance Station
only. (13 May).

Park begins phased
reopening (27 May).

South and East
entrances open (18
May); other
entrances
remain closed.

Park closed to visitation
due to COVID-19.

Entrance stations
closed. Soft
reopening of Zion
Lodge
(21 May).

June
2020

West park entrances
reopen (June 8).
East entrances
remain closed.

North Rim opens
for 2 weeks.

Park implements a timed
entry system to manage
numbers and flow of
vehicles
(4 June).

All entrances open
(1 June).

Park reopens with
reservation only access
(11 June). Lodging and
camping extremely
limited.

Park is open,
but some
campgrounds and
park areas remain
closed.

July
2020

Park is open, but
with east entrances
closed.

Park is open.

Timed entry system
continues.

All entrances open.

Park open but with
reduced entry and some
closures/restricted
capacities for lodging,
campgrounds.

Park open but some
campgrounds and
park areas remain
closed.
Additional
campground
reopenings
(mid-August).
Commercial
shuttles
operating.

August
2020

Park is open, but
with east entrances
closed.

Park is open.

Timed entry system
continues.

All entrances open.

Most park areas open.
Mariposa Grove is closed
briefly due to the Creek
Fire.

September
2020

Park is open, but
with east entrances
closed.

Park is open.

Timed entry system
continues.

All entrances open.

Park closed due to the
Creek Fire
(18–24 September).

Park is open.

October
2020

Park is open, but
with east entrances
closed.

Park is open.

Timed entry system ends
(13 October). Park closes
due to wildfire
(21 October–5 November).

All entrances open.

Park is open.

Park is open.

November
2020

Park is open, but
with east entrances
closed.

Park is open.

Localized closures
continue due to wildfire
and weather.

Park is open.

Park is open.

Park is open.

Park is open, but
December
13, x
with east2021,
entrances
2020 Sustainability
closed.

Park is open.

Localized closures
continue due to wildfire
and weather.

Park is open.

Park switches to day use
only
(7 December).

Park
open.
5 ofis 17

Figure 1. Locations and boundaries of the six national parks examined in this study.
Figure
1. Locations and boundaries of the six national parks examined in this study.

2.2. Visitation Data
To quantify visitation patterns for the six national parks examined in this study, we
acquired visitation data for 2019 and 2020 from two sources: (1) the NPS VUS webpage
[24], and (2) the SafeGraph foot traffic dataset. NPS statistics, which are provided as
monthly summaries, are determined using a range of methods and proxies, including in-
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2.2. Visitation Data
To quantify visitation patterns for the six national parks examined in this study, we
acquired visitation data for 2019 and 2020 from two sources: (1) the NPS VUS webpage [24],
and (2) the SafeGraph foot traffic dataset. NPS statistics, which are provided as monthly
summaries, are determined using a range of methods and proxies, including inductive
loop traffic counters, pneumatic tube traffic counters, remote sensor traffic counters, and
counts of visitors arriving via buses and other conveyances. Methods used to derive these
estimates for individual parks can be found through the ‘Visitor Use Counting Procedures’
links for each park at the NPS VUS webpage.
SafeGraph (safegraph.com, accessed on 16 August 2021) is a company that provides
foot traffic data collected anonymously from mobile devices such as cellphones. We specifically used SafeGraph’s Social Distancing Metric data, which are based on an aggregated,
anonymized, privacy-safe summary of foot traffic to 6 million POIs in North America,
including national parks. These data were available at a daily timestep, making it easy to
conduct daily comparisons between years while allowing for aggregation to a monthly
timestep for comparisons with NPS data.
The Social Distancing Metric data include the device’s ‘home’ location in census block
groups and record daily flows between census block groups [25]. We extracted daily
origin–destination (OD) flows at the census block group level from the Social Distancing
Metric data using the ODT flow system [26]. Specifically, the Social Distancing Metric
data contains 23 fields, three of which (origin_census_block_group, destination_cbgs, and
date_range_start) were used to derive the OD flows. The origin_census_block_group refers to
the unique 12-digit Federal Information Processing Standards (FIPS) code for the census
block group while the destination_cbgs contains information on “the number of devices
with a home in census_block_group that stopped in the given destination census block
group for >1 min during the time period” [25].
Using these three fields, we generated an OD flow table that recorded the number
of devices from an original block group to destination block groups on a daily basis
in the U.S. The OD flow table contained over 6 billion (6,144,802,397) daily flows for
2019 and over 4.9 billion (4,963,893,674) daily flows for 2020. Based on the OD flow
table, we extracted daily flow data in 2019 and 2020 for each of the six national parks
according to census block group IDs. All data were stored in a distributed file system
(HDFS), and the computing was conducted using Apache Hive on a Hadoop-based big data
computing cluster as detailed in [26]. A block group was considered part of the park if a
majority of it was contained in the park boundary. The resulting 12-digit block group FIPS
IDs for the six parks were: Glacier NP (300290001003, 300359800001), Grand Canyon
NP (040050023005, 040050023001, 040159501002, 040050020002), Rocky Mountain NP
(080130136022, 080690028031, 080490002012, 080690028012), Yellowstone NP (160439701002,
560399676002, 560299653001, 30067980600), Yosemite NP (060430004001, 060430004002,
060390001031, 061090042001), and Zion NP (490532701001). SafeGraph numbers thus
reflect all flows that had a destination to block groups inside a specific park but origins
outside the park. In total, we extracted 869,775 and 656,005 OD flows for 2019 and 2020
respectively.
2.3. Data Analysis and Visualization
Our first analyses compared monthly visitation in 2019 and 2020 for the NPS and
SafeGraph datasets as a means of ‘validating’ the latter data. It is important to bear in
mind, however, that the NPS figures are themselves only estimates and that some of
the methods typically used by the NPS to estimate visitation may have been affected by
COVID-19. Nonetheless, a strong correlation between the two datasets would be required
if the SafeGraph data are to be useful in studying and understanding park visitation.
Furthermore, one of the benefits of the SafeGraph data is that they are available at a daily
timestep. We were thus able to examine the temporal correspondence between daily
patterns of park visitation and management actions taken in response to COVID-19 using
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the daily OD flows extracted from the 2019 and 2020 SafeGraph Social Distancing Metrics
data. Finally, we hypothesized that restrictions related to COVID-19 would not only limit
overall visitation but would also alter where visitors came from. To explore this hypothesis,
we used the SafeGraph data to calculate and map the Visitor Change Rate between 2019
and 2020 at the state-level for each park as: (2020 visitors–2019 visitors)/2019 visitors. The
charts were generated using Matplotlib with Python [27], flow maps were generated using
Kepler.gl (https://kepler.gl/, accessed on 16 August 2021), and state visitation maps were
generated using GeoPandas version 0.90.0 with Python (https://geopandas.org/, accessed
on 16 August 2021).
3. Results
3.1. Trends in Park Visitation
Graphs of data from 2019 (Figure 2: blue lines) and 2020 (Figure 2: gold lines) illustrate
the impacts of concerns over the spread of COVID-19 on monthly park visitation. In January
and February, visitation differed little between the two years, with 2020 even outpacing
2019 at some parks. Beginning in March and April, park visitation diverged between the
two years as the spread of the virus in 2020 raised concerns about travel and triggered
the President’s emergency declaration in early March and the various park closures in
late March and early April. At the more southern parks where the tourist season begins
earlier (Grand Canyon NP, Yosemite NP, Zion NP), the divergence was driven by a marked
decrease in visitation from 2019 to 2020. At the more northern parks (especially Glacier NP
and Yellowstone NP), the divergence instead reflected an extended period of low visitation
in 2020. Visitation in 2020 then approached or passed that from 2019 by late summer or
early autumn at most of the parks as they reopened.
The other notable pattern in the monthly visitation graphs was the high degree
of correspondence between values from the NPS (Figure 2: solid lines) and SafeGraph
(Figure 2: dashed lines) datasets for both 2019 and 2020. The results of linear regression
analyses were very encouraging, with a coefficient of determination (R2 ) between the
datasets that (1) was greater than 0.92 for both years at Glacier NP, Rocky Mountain NP,
and Yellowstone NP; (2) exceeded 0.80 for all parks in 2019; and (3) was only lower than
0.87 at two parks (Grand Canyon NP and Zion NP) in 2020 (Figure 3).
3.2. COVID-19 Management Responses and Park Visitation
The correspondence between patterns of monthly park visitation based on NPS and
SafeGraph data (Figure 2) coupled with the high correlation between the two datasets
(Figure 3) suggests that the OD flows extracted from the SafeGraph dataset provided a
good approximation of visitation patterns in 2019 and 2020 for the parks examined in this
study. However, the SafeGraph data also permitted a more refined examination of the
correspondence between park visitation patterns and management actions because of their
daily temporal resolution (Figure 4). Note that park closures and reopenings are indicated
in Figure 4 by solid red and green vertical lines, respectively; relevant dates for these events
are listed in Table 1. The President’s emergency declaration is shown as a gray vertical line
on 13 March 2020.
As with the monthly data, there were minimal differences in visitation between 2019
and 2020 for the first two months. At Zion NP and Grand Canyon NP, visitation in 2020
dropped dramatically at the time of the emergency declaration, even before the parks
closed at the end of the month. There were similar decreases at Yosemite NP and Rocky
Mountain NP, although there was only one week between the emergency declaration and
the park closures. At Yellowstone NP and Glacier NP, the emergency declaration and
park closings had little immediate effect on visitation because they came before visitation
typically increases in late April and May. The closures were, however, coincident with a
delay to the start of the tourist season.
At all of the parks, partial and full reopenings in late May and June were followed by
increased visitation, with spikes even discernible for holiday weekends associated with
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Independence Day (4 July) and Labor Day (the first Monday in September). Visitation
in 2020 reached values comparable to 2019 by late June at Rocky Mountain NP and Zion
NP, late July at Yellowstone NP, and September at Glacier NP and Grand Canyon NP.
At Yosemite NP, a secondary dip in visitation in September 2020 was caused by closures
7 of 17
associated with wildfires; as a result, visitation didn’t approach that from 2019 until late
October.
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3.2. COVID-19 Management Responses and Park Visitation
The correspondence between patterns of monthly park visitation based on NPS and
SafeGraph data (Figure 2) coupled with the high correlation between the two datasets
(Figure 3) suggests that the OD flows extracted from the SafeGraph dataset provided a
good approximation of visitation patterns in 2019 and 2020 for the parks examined in this
study. However, the SafeGraph data also permitted a more refined examination of the
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dropped dramatically at the time of the emergency declaration, even before the parks
closed at the end of the month. There were similar decreases at Yosemite NP and Rocky
Mountain NP, although there was only one week between the emergency declaration and
the park closures. At Yellowstone NP and Glacier NP, the emergency declaration and park
closings had little immediate effect on visitation because they came before visitation9 typof 16
ically increases in late April and May. The closures were, however, coincident with a delay
to the start of the tourist season.

Figure 4. Daily visitation at six U.S. national parks in 2019 (blue) and 2020 (gold) based on data from SafeGraph’s Social
Distancing Metric dataset. Dates of park
park closures
closures and
and openings
openings associated
associated with
with COVID-19
COVID-19 are
are shown
shown as
as vertical
vertical lines
lines (Red:
(Red:
park
closure;
Green:
park
reopening).
The
gray
vertical
line
indicates
the
presidential
declaration
of
emergency.
park closure; Green: park reopening). The gray vertical line indicates the presidential declaration of emergency.

3.3. Spatial Patterns of Park Visitation
In addition to having the benefit of a daily timestep, the SafeGraph data allowed us to
track visitation flows to each individual park over time. Mapping these flows provides
a compelling method for visualizing the spatial impacts of COVID-19 on national park
visitation, for example, by (1) contrasting the differences in visitor number and origins for
April in 2019 and 2020, and (2) demonstrating the effects of park reopening between April
and October in 2020 (Figure 5).
The OD flows also allowed us to analyze annual changes in the origin of park visitors
at the state level from 2019 to 2020 (Figure 6). The most obvious pattern was not surprising:
the number of visitors from many states decreased, with the greatest percentage declines
noted for states located farthest away from a park (e.g., those in the northeast and midAtlantic). Visitation declines were especially noticeable for Yosemite NP, which had the
most stringent restrictions of the six parks coupled with a September park closure caused
by a wildfire. Glacier NP also exhibited widespread declines, with the exception of two

late July at Yellowstone NP, and September at Glacier NP and Grand Canyon NP. At Yosemite NP, a secondary dip in visitation in September 2020 was caused by closures associated with wildfires; as a result, visitation didn’t approach that from 2019 until late October.
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In addition to having the benefit of a daily timestep, the SafeGraph data allowed us
to track visitation flows to each individual park over time. Mapping these flows provides
states method
(Kansas for
andvisualizing
West Virginia)
that had
low visitation
numbers
in both years,
aoutlier
compelling
the spatial
impacts
of COVID-19
on national
park
making the increases somewhat trivial. Yellowstone NP and Zion NP, on the other hand,
visitation, for example, by (1) contrasting the differences in visitor number and origins for
experienced steady or even slightly increased visitation in 2020 from multiple states (most
April in 2019 and 2020, and (2) demonstrating the effects of park reopening between April
prominently those near the park), despite being closed for roughly two months in 2020.
and October in 2020 (Figure 5).

Figure
Figure 5.
5. Comparison
Comparison of
of visitation
visitation flows
flows for
for three
three months
months in
in 2019
2019 and
and 2020
2020 at
at Zion
Zion NP
NP and
and Grand
Grand Canyon
Canyon NP.
NP. The
The maps
maps
were generated using Kepler.gl.
were generated using Kepler.gl.

Annual analyses of visitor origin provide an incomplete perspective of changing
visitation patterns related to COVID-19, however, because they fail to capture changes
that took place at finer time scales. At Zion NP, for example, visitation was higher in
January and February in 2020 than 2019 (Figure 2), with increased visitorship from states
around the country before the imposition of visitor restrictions associated with COVID-19
(Figure 7). When the park reopened in late May and early June, there was an initial surge
of visitation from surrounding states (Arizona, Nevada, California), and by August and
September, overall visitation had again surpassed that of 2019 (Figure 2), with notable
increases in visitors for many states (Figure 7). Yellowstone NP provides a similar example
of the rapid rise in visitation as COVID-19 restrictions were eased, with initial increases
in visitation over 2019, most notably from Idaho, Utah, and Nevada, but then spreading
outward through the rest of the year (Figure 8).
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clines noted for states located farthest away from a park (e.g., those in the northeast and
mid-Atlantic). Visitation declines were especially noticeable for Yosemite NP, which had
the most stringent restrictions of the six parks coupled with a September park closure
caused by a wildfire. Glacier NP also exhibited widespread declines, with the exception
of two outlier states (Kansas and West Virginia) that had low visitation numbers in both
years, making the increases somewhat trivial. Yellowstone NP and Zion NP, on the other
hand, experienced steady or even slightly increased visitation in 2020 from multiple states
(most prominently those near the park), despite being closed for roughly two months in
2020.
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Annual analyses of visitor origin provide an incomplete perspective of changing visitation patterns related to COVID-19, however, because they fail to capture changes that
took place at finer time scales. At Zion NP, for example, visitation was higher in January
and February in 2020 than 2019 (Figure 2), with increased visitorship from states around
the country before the imposition of visitor restrictions associated with COVID-19 (Figure
7). When the park reopened in late May and early June, there was an initial surge of visitation from surrounding states (Arizona, Nevada, California), and by August and September, overall visitation had again surpassed that of 2019 (Figure 2), with notable increases
in visitors for many states (Figure 7). Yellowstone NP provides a similar example of the
rapid rise in visitation as COVID-19 restrictions were eased, with initial increases in visitation over 2019, most notably from Idaho, Utah, and Nevada, but then spreading outward
through the rest of the year (Figure 8).
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captured by both the NPS and SafeGraph datasets, mirrored general patterns for the
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captured by both the NPS and SafeGraph datasets, mirrored general patterns for the
broader national park system. For our six parks, monthly visitation in 2020 was on pace
with, or exceeding, that from 2019 through January and February until concerns arose
over the spread of the COVID-19 virus. In conjunction with a presidential declaration of
emergency, rising public health concerns, COVID-related travel restrictions, stay-at-home
orders, and border closures, park and facility closures resulted in dramatic decreases in
visitor number beginning in March and continuing through April and into May (and in
some places, longer) (Table 1; Figures 2 and 4). As the virus spread, the need for access
to parks and other protected areas that provide outdoor recreation was recognized and
touted [13,32], and national parks began to reopen, with safety protocols (e.g., educational
signage, masking, social distancing, reduced shuttle capacity, restricted park and trail
access, and limited capacities at campgrounds and lodgings) implemented as needed.
Visitation then rose, sometimes very rapidly (Figure 4), eventually reaching and even
surpassing that from 2019 at several of the parks as people sought accessible, high-quality
recreational outlets.
While basic trends in national park visitation related to COVID-19 were readily
apparent in the monthly NPS visitation estimates, the SafeGraph data provided greater
temporal resolution and additional spatial information, affording a more nuanced view of
changing visitation patterns. The visitor flow maps, for example, not only demonstrated
how the pandemic impacted the number of park visitors, but also provided a spatial
perspective to visitation changes in response to COVID-19. With travel restrictions often
still in place and ongoing concerns about long-distance air travel, parks initially saw the
greatest increases in visitorship (compared to 2019 levels) coming from nearby states
(Figures 6–8). The ‘visitorshed’ expanded later as people from a broader range of states
travelled to the parks (Figures 7 and 8).
We want to stress that the methods used in this study are meant only to complement,
not replace, existing methods for estimating park visitation. They do, however, offer
some additional advantages. Current methods for estimating visitation are inconsistent
across parks and often rely on vehicle multipliers, regression formulas, and other ‘indirect’
procedures [33]. In contrast, the methods used to collect and extract the SafeGraph visitation
data were consistent across the six parks and through time. We were, nonetheless, especially
encouraged by the strong correlation between the SafeGraph-derived monthly visitation
numbers and statistics from the NPS (Figure 3), indicating that SafeGraph-derived park
visitation flows could be compatible with NPS estimates.
There are, however, some limitations to the SafeGraph data that warrant future
exploration. It can be difficult to completely separate park visitors from other flows (e.g.,
local residents) at the census block group level because some block groups are not fully
contained by a park. This helps to explain why visitation sometimes exceeded zero even
when a park was closed (Figure 4) and could be a greater issue for smaller or more urban
parks than those examined here. Second, the SafeGraph data used in this study only cover
flows within the U.S. and thus ignore international travelers, who can make up a significant
percentage of visitors at some parks during certain seasons (e.g., 17% at Yellowstone
NP [34]). To bridge this gap, social media data, such as geotagged tweets, that have been
proven to be effective in tracking global human movement [35–37] can be incorporated in
future studies.
5. Conclusions
U.S. national parks protect the best of our country’s natural heritage, serve as important economic engines (both locally and nationally), and provide vital places for recreation
and personal restoration. Many of the most pressing challenges to protecting those values
while providing for the enjoyment of park scenery, features, and wildlife in a manner that
will leave them unimpaired for future generations center on managing park visitation.
Specifically, effective long-term park planning and management require timely and rele-
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vant information on the numbers, use, characteristics, and behaviors of people who are in
the parks.
This study was exploratory and retrospective in nature, focusing narrowly on responses to the COVID-19 pandemic. With COVID-19 restrictions easing further in 2021,
all-time monthly visitation records have already been set at a number of national parks,
including some highlighted in this paper [38]. This surge in visitation due to ‘pandemic
fatigue’ is posing management challenges [39] and generating debate over restricting park
access and the implementation of reservation systems at some high-profile parks [40]. Our
results demonstrate that approaches exploiting data collected anonymously from mobile
devices can provide useful information on patterns and drivers of park visitation as park
managers continue to assess the impacts of COVID-19 on their respective units.
More broadly, however, the NPS relies on visitor statistics to avoid potential user
conflicts with, or damage to, biological, physical, cultural, and historical resources within
parks and to more effectively allocate funding and staff to individual park activities and
projects [41]. Data on not just visitor numbers but also visitor origins and movements,
(such as those provided in this study) are also valuable for regional planners, business
leaders, transportation authorities, and NPS managers and social scientists seeking to better
evaluate a park’s economic linkages to neighboring areas [33]. Finally, we contend that
our approach may be valuable for addressing new questions in novel ways. For example,
because the SafeGraph data are aggregated to census block groups, our methodology could
be used to explore patterns of differential park access and equity, a topic of great interest
to the NPS. In short, we posit that cellphone-based big mobility data with fine temporal
resolution and rich spatial information can afford a more nuanced view of changing
patterns of park visitation that complements (and in some ways, transcends) existing
methods for quantifying park visitation, highlighting the capability of big mobility data to
provide rapid knowledge of human movement with fine spatiotemporal granularity.
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